The analysis of metal ions in clinical materials is usually carried out by atomic absorption (FAAS/GFAAS), emission (ICP-AES) or mass spectrometry (ICP-MS). These standard techniques require elaborate and costly pretreatments of the samples.
solution for iron (4) . Salmela and Vuori (5) proposed a simple and reliable FAAS method for measurement of Cu and Zn in serum diluted with water. The method was adoptable to pediatric research because of the small sample volume required. Terres-Martos et al. (6) proposed the FAAS method for determination of copper in human serum mineralized with an HNO 3 /HClO 4 (4:1) mixture and heated to 120°C for 60 minutes in a mineralization block. Lopes et al. (7) described a fully automated flow system to accomplish sequential determination of copper in serum and urine by FAAS. Serum samples were diluted 2-fold with water and standard solutions were prepared with 20 % glycerol. The developed flow system allowed multiple tasks to be carried out sequentially, such as preparation of serum samples (sample and standard solution viscosity adjustment), serum copper measurement, urine copper preconcentration and subsequent elution and measurement.
Despite the fact that different approaches are very well known, the reference methods still suggest assaying of twice diluted sera for iron and copper by flame atomicabsorption spectrometry, after deproteinization with 20 % trichloroacetic acid (TCA) or simple dilution with water, resp. (8) . It follows that introducing a new, simple and reliable assay method is still a challenging task.
Data on metal ion concentration in pediatric population sera might be used as a valuable biomarker of children's health status. The current research is a logical continuation of the authors' efforts to develop new reliable analytical procedures for quantitation of metal ions in human serum by FAAS (9) . Whereas the former method has been devoted particularly to the analysis of sera with pathologically low copper levels, the main objective of the investigation presented here is to introduce a new approach aimed at simultaneous determination of Fe and Cu in children's sera. The latter is based on single-step sample pretreatment and single-step calibrant preparation.
EXPERIMENTAL

Materials
Standard solutions. -The concentration of stock standard solutions was 1026.81 mg mL -1 for copper and 9917.49 mg mL -1 for iron. Copper stock solution was prepared by dissolving CuCl 2´2 H 2 O in 0.1 mol L -1 HCl. Iron stock solution was purchased from SCP Science, Canada. Both stock solutions were standardized complexometrically.
To obtain working standard solutions for calibration (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.6 and 2.0 mg mL -1 analyte), stock solutions were serially diluted with different diluents: 10 % TCA, 10 % glycerol, 1.5 mol L -1 HCl, HCl-acidified synthetic serum. For standard additions (0.3, 0.5, 0.7, 1.0, 1.5 and 2.0 mg mL -1 analyte), HCl-acidified serum pool was used.
Reagents. -Ultrapure water (electrolytic conductivity 0.055 mS cm -1 ) was used throughout. Trichloroacetic acid (Kemika, Croatia), hydrochloric acid 35 % (Lach-Ner, Czech Republic) and glycerol (Gram-mol, Croatia), NaHCO 3 HCl-acidified synthetic serum was prepared by using synthetic serum and 3 mol L -1 HCl at an equivolume ratio.
Equipment
The FAAS instrument used was a PerkinElmer (USA) AAnalyst 800 atomic absorption spectrometer with deuterium background corrector (DBC).
To centrifuge the samples, a microcentrifuge Eppendorf 5415D (Eppendorf, Germany) was used.
Analytical procedures
Determination of Cu in serum by the reference method (8) . -Sample (serum pool) was diluted 2-fold with ultrapure water, homogenized and let settle, and then aspirated directly into the nebulizer system of the instrument. Copper concentration was determined by comparison with standard solutions prepared in 10 % glycerol (see under Standard solutions). Instrumental parameters are given in Table I .
Determination of Fe in serum by the reference method (8) . -The sample was diluted 1:1 with TCA 20 %, stirred and heated at 90°C for 15 minutes in a water bath. After cooling it was centrifuged, supernatant was decanted and aspirated directly into the nebulizer system of the instrument. Iron concentration was determined by comparison with a series of standard solutions which were prepared in 10 % TCA (see under Standard solutions). For instrumental parameters see Table I .
Optimization of the new method. -In the course of the new method optimization, copper and iron concentrations in serum pool were determined after varying the following parameters: concentration of HCl for deproteinization, time of sample settling and stirring, storage temperature, speed and time of centrifuging (see Table II ).
3 mol L -1 was found to be the optimum concentration of HCl. Systems using 2 and 5 mol L -1 HCl were found unstable. After centrifugation of samples diluted 2-fold with 2 mol L -1 HCl, the supernatant was always turbid while the measured absorbance for systems using 5 mol L -1 HCl was always too high in respect to other systems. The latter might indicate a possible chemical interference.
The temperature chosen for samples storage before centrifuging was 50°C; samples stored at room temperature (25°C) were opalescent and the ones stored at 90°C showed problems when decanting supernatant from the sediment. Therefore, efficient deproteinization of serum sample with 3 mol L -1 HCl at elevated temperature (t = 50°C) is suggested for both analytes.
Stirring time of five minutes and settling time of 5 minutes at 50°C were sufficient to get clear and stable supernatants ready to measure. Centrifuging time had to be prolonged from 5 to 10 minutes; it was otherwise impossible to decant supernatant from the sediment of the HCl-synthetic serum samples.
No differences were observed between samples regardless of the centrifugation speed (15000 or 20000g).
Simultaneous determination of Cu and
Fe by the proposed method. -To avoid any contamination of samples and standard solutions, laboratory glassware and plasticware were soaked in nitric acid 1:1 for 24 h and then rinsed several times with ultrapure water.
Copper and iron stock solutions were added to 1.5 mol L -1 HCl or HCl-acidified synthetic serum, both for calibration, or to HCl-acidified serum pool for standard additions (see under Standard solutions). Working standard solutions were prepared fresh daily.
After allowing it to equilibrate to room temperature, the serum pool sample was stirred for 10 minutes on a magnetic stirrer. It was then diluted 1:1 with 3 mol L -1 HCl, mixed for 5 minutes on the shaker and heated at 50°C for 5 minutes in a water bath. Af- ter cooling, it was centrifuged for 10 minutes at 15000g, the supernatant was decanted and aspirated directly into the nebulizer system of the instrument. Copper and iron concentrations were evaluated from the calibration line. For instrumental parameters see Table I .
Statistical analysis. -The data obtained for the reference methods and the proposed method and the data obtained by different calibration approaches were statistically compared on the basis of: (i) calibration sensitivity (CS), namely, the slope of the calibration line, or (ii) estimated analyte concentration. Student's t-test was used.
Robustness of the proposed method was also examined by short multifactorial design (SMD) experiments based on Youden and Steiner's and Plackett and Burman's design (10) (11) (12) (13) (14) . Since robustness is the measure of a method's capacity to remain unaffected by small but deliberate variations in internal parameters of the method, it provides indication of the method's reliability during normal usage. In our case, 7 parameters were tested through 8 experiments. The basis of testing was the analysis of iron. The experimental design is presented in Table III and each of the 7 parameters was changed between two levels (namely A/a through G/g).
RESULTS AND DISCUSSION
Trueness of the new method
In the development of the new method, statistical comparison of the new approach with the reference methods (8), for both analytes, was performed at P = 95 %, in regard to sample pretreatment and in regard to various calibration approaches. Calibration approaches examined were: (i) standard additions, (ii) calibration in HCl-acidified synthetic serum and (iii) calibration in HCl. Data analysis was based on the analyte concentration and calibration sensitivity results. Estimated concentrations. -Data on estimated copper and iron concentrations and statistical inference are presented in Table IV .
All the concentration values lie within the reference intervals for copper and iron in pediatric population sera from Zagreb, Croatia (15) .
Statistical analysis showed that the estimated concentration as proposed by the reference methods for iron (in 10 % TCA) did not significantly differ from either standard additions to HCl-acidified serum or calibration in HCl-acidified real blank or calibration in 1.5 mol L -1 HCl. For copper, the estimated concentration as proposed by the reference method (in 10 % glycerol) did not significantly differ from standard additions to HCl--acidified serum or calibration in 1.5 mol L -1 HCl but it was found significantly different from calibration in HCl-acidified real blank.
Calibration sensitivity and detection limit. -The observed effects on calibration sensitivity for both analytes are presented using collective calibration data (Table V) .
Regarding both iron and copper, coefficients of correlation (R > 0.990) and residual sums of the squares indicate favourable linear correlations in all cases. Precision of slopes was good, with RSD CS values of 0.9-2.1 and 0.6-1.8 %, respectively.
However, the slope of the calibration line for Fe in 10 % TCA was found significantly different from calibration in 1.5 mol L -1 HCl at P = 95 %. The latter was also significantly different from calibration in real blank and from standard additions. The slope of the calibration line for Cu in 10 % glycerol was not found significantly different from calibration in 1.5 mol L -1 HCl. However, calibrations in 1.5 mol L -1 HCl and 10 % glycerol significantly differed from that in HCl-synthetic serum and from standard additions at P = 95 %.
The results obtained through concentrations and through CS differ to some extent. Due to the fact that calibration sensitivity is prone to variability, our final conclusions were based on the estimated concentrations of the analytes (see Table IV ). Here, the reference methods for both iron (in 10 % TCA) and copper (in 10 % glycerol) did not signifi- cantly differ from either standard additions to HCl-acidified serum or calibration in 1.5 mol L -1 HCl. Accordingly, the latter two approaches might reliably replace both reference calibration media. SMD. -The newly suggested treatment of samples prior to the analysis of iron was investigated by simultaneously varying 7 parameters at a time. The results of short multifactorial design experiments showed that a system is robust enough in regard to small but deliberate variations of basic working parameters such as concentration of HCl for deproteinization, temperature, speed and time of centrifuging, time of sample settling and stirring (see also Table II) . From the results of eight experiments, the effect of each factor was calculated. Ranking of observed effects is presented in Table VI as well as the normal probability plot of effects in Fig. 1 .
Factor effects (D i ) are calculated (11, 12) for each parameter by attaching the signs to the data collected, adding, and dividing by half the number of experiments. According to Fisher (11) , the standard deviation of the eight individual results s' equals to:
and any value of D i can be considered significant (p < 0.05) if D > 2σ' . As evident from Table VI, all the calculated factor effects were lower than the limiting value of 0.00213 and were not found to be significant. Accordingly, they are a normally distributed random noise and form a nearly straight line (see Fig. 1 ), suggesting that the method is rugged for the factors tested.
Sensitivity and precision
As evident from Table V, comparable calibration sensitivity is achieved by the reference and new methods: collective CS value (mean ± SD, number of points N) for copper as obtained by the reference method was 0.049 ± 0.001 mL mg -1 (N = 33) and 0.049 ± 0.000 4 mL mg -1 (N = 53) for the new method. Analogously, in case of iron, it was 0.039 ± 0.001 mL mg -1 (N = 33) for the reference method and 0.033 ± 0.000 3 mL mg -1 (N = 62) for the new method. Estimated concentration data was obtained with comparable precision for both the reference and new methods (see Tables IV and VII ) and for both analytes. Other approaches showed comparable CS and precision values as well (Table V) .
CONCLUSIONS
In conclusion, the new method for simultaneous determination of iron and copper in children's sera proposes one-step sample pretreatment (deproteinization with 3 mol L -1 HCl, ratio 1:1) and one-step calibration using 1.5 mol L -1 HCl standard for both analytes. Moreover, the proposed method assures sensitivity and precision comparable to that of the reference methods. According to all the above given arguments and in comparison with the already reported method for copper (9) , which was particularly convenient for analyses of hypocupric adult sera, we are inclined to believe that the new approach reported here might be successfully applied for assaying both iron and copper in children's sera, with expected concentrations of 0.6-1.7 mg mL -1 Cu and 0.2-1.8 mg mL -1 Fe (15, 16) . The new method is simple and time-, labour-and serum-saving, the latter being especially important when pediatric patients are concerned. 
